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缩略词中英文对照表 
缩略词 英文全称 中文全称 
AK arginine kinase 精氨酸激酶 
cDNA complementary DNA 互补脱氧核糖核酸 
CFU colony forming unit 菌落形成单位 
CK creatine kinase 肌酸激酶 
CLIPs clip domain serine proteases 含发夹结构域的丝氨酸蛋白酶 
DDW double distilled water 双蒸水 
DNA deoxyribonucleic acid 脱氧核糖核酸 
dNTPs deoxyribonucleoside triphosphate 脱氧核糖核苷三磷酸 
gDNA genomic DNA 基因组 DNA 
NCBI 
 




N-J neighbor-joining 邻位相接法 
ORF open reading frame 开放阅读框 
PCR  polymerase chain reaction 聚合酶链反应 
PO phenoloxidase 酚氧化酶 
PPAF prophenoloxiase activating factors 酚氧化酶原激活因子 
ProPO prophenoloxidase 酚氧化酶原 
RACE rapid amplification of cDNA ends 快速扩增 cDNA 末端 
RNA ribonucleic acid 核糖核酸 
RT reverse transcription 反转录 
SP serine protease 丝氨酸蛋白酶 
Tm annealing temperature 退火温度 






















1）拟穴青蟹糜蛋白酶基因（SpCHY）的 cDNA 全长 942 bp，5′-UTR 为 14 bp，
3′-UTR 为 115 bp，开放阅读框为 813 bp，编码一个由 270 个氨基酸组成的蛋白
质。SpCHY 基因由 6 个内含子和 7 个外显子组成。 
2）拟穴青蟹精氨酸激酶基因（SpAK）的 cDNA 全长 1466 bp，包含一个 1071 
bp 的开放阅读框，60 bp 的 5′-UTR 和 335 bp 的 3′-UTR，编码一个由 357 个氨基
酸组成的蛋白质。SpAK 基因由 1 个内含子和 2 个外显子组成。 
3）同源性分析表明 SpCHY 和 SpAK 在结构上均很保守，与其他动物同源
性很高。系统发育分析结果也表明 SpCHY 和 SpAK 均能与甲壳动物聚为一束。 
4）免疫组化方法检测到 SpCHY 阳性反应存在于拟穴青蟹肝胰腺 R 细胞中，
为肝胰腺是 CHY 的合成场所这一假设提供了证据。 
5）采用实时定量 PCR 方法分析，结果显示 SpCHY 和 SpAK 广泛分布于成
体各组织器官中，且高表达于肝胰腺、胃等组织，提示 SpCHY 和 SpAK 在消化
系统中执行重要功能。 
6）注射溶藻弧菌（Vibrio alginolyticus）后，肝胰腺中 SpCHY 和 SpAK 在 3 
h 时分别急剧上升了 20 倍和 17 倍，之后又逐渐恢复至正常水平；而血淋巴中的
SpAK 在感染 72h 出现表达 高峰，显著增加了 15 倍。提示这两个基因与青蟹
的免疫应激过程密切相关。 
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Abstract 
Chymotrypsin (CHY) belongs to the serine protease family, participated in a 
variety of physiological activities. Researches on arthropods revealed that CHYs 
involved in the food protein digestion, the process of molting and immune response. 
Arginine kinase (AK) is the primary phosphagen kinase of invertebrates, playing an 
important role in cellular energy metabolism and maintaining constant ATP levels. 
More and more datas show that arginine kinase not only have a direct relationship 
with energy metabolism, is also involved in ion exchange, resistant to adverse 
environmental and immunity. 
In this paper, we have isolated the CHY and AK homologs from Scylla 
paramamosain using RT-PCR, RACE and Genomic Walking methods. Real-time 
quantitative PCR was performed for the tissue distribution and differential expression 
of SpCHY and SpAK mRNA in hepatopancreas and hemolymph after bacteria 
infection of S. paramamosain. The main results are offered as follows: 
 1) The full-length cDNA of SpCHY gene is 942 bp, containing a 5’-untranslated 
region (5’-UTR) of 14 bp and a 3’-UTR of 115 bp. The open reading frame of 813 bp 
encodes a 270-amino acid protein. The SpCHY gene is composed of six introns and 
seven exons. 
2) The full-length cDNA of SpAK gene is 1466 bp, containing a 5’-untranslated 
region (5’-UTR) of 60 bp and a 3’-UTR of 335 bp. The open reading frame of 1071bp 
encodes a 357-amino acid protein. The SpAK gene is composed of one intron and two 
exons. 
3) The homology analysis showed that SpCHY and SpAK are very conservative 
in sequence, which share high homologies with other animals. Phylogenetic analysis 
showed that the SpCHY and SpAK both can gather in crustacean clusters. 
4) The immunohistochemical methods detected that SpCHY positive reaction 
exists in the R cells of hepatopancreas, indicating that hepatopancreas maybe the 
synthesis place of SpCHY. 
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SpAK in different tissues of S. paramamosain, the results displayed that SpCHY and 
SpAK were widely distributed in different tissues and high expressed in 
hepatopancreas and stomach, which confirm that SpCHY and SpAK perform crucial 
functions in digestion.  
6）After injection of Vibrio alginolyticus, the expression of SpCHY and SpAK 
were significantly increased in the hepatopancreas at 3h, which is 20 and 17 times 
compared to the control. While in hemolymph, the expression of SpAK were 
significantly increased 15 times at 72h. The results suggesting that these two genes 
closely related to immune response of the mud crab. 
For the first time, we have cloned the full-length cDNAs and gDNA of CHY and 
AK genes from the crustacean, S. paramamosain. What’s more, we suggest that these 
two genes participate in immune response of mud crab. This study may facilitate to 
understand the importantance of CHY and AK in arthropod and establish theories 
foundation for disease resistance in aquaculture resilience. 
 
Key words: Scylla paramamosain; chymotrypsin; arginine kinase; immune response; 
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素、酚氧化酶、抗菌肽、溶菌酶、溶血素、超氧化物歧化酶等。 




对 10 种甲壳动物凝集素进行了研究，发现凝集素具有 pH 值广泛性，pH 值









（ β-1,3-glucan, βG ）、 脂 多 糖 （ Lipopolysaccharide, LPS ） 和 肽 聚 糖
（Peptidoglycan, PG）等成分作为异己信号与其结合蛋白结合，如 βGBP、
LGBP、PGBP 等，按顺序激活酚氧化酶原激活因子（ProPO-activating factors, 
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如丝氨酸蛋白酶、ProPO、PO 以及 β-1,3 葡聚糖结合蛋白等，并已克隆了一
些 cDNA。 
1.1.2.3 抗菌肽（Antimicrobial peptides） 
抗菌肽是对原核或真核细胞有特异抗性的小分子，已被认为是非特异














在蟹上明确鉴定的第一个抗菌肽是 Schnapp 等于 1996 年从滨蟹（Carcinus 
maenas）的血细胞溶解产物中获得的，具有抗革兰氏阳性和革兰氏阴性细











































性菌，并且可能与 ProPO 的激活系统有关[22]。 
⑤ 凝固蛋白（Clotting protein，CP）：研究表明 CP 参与软尾太平蝲蛄
中依赖转谷氨酰胺酶的凝固反应 [23]。在甲壳动物中，CP 为二聚体，含有两
个 210kDa 的亚基，是一种极高密度脂蛋白，每一个亚基都具有游离状态的
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